Abstract: This paper uses U.S. Census data from 1980, 1990 and 2000 to estimate synthetic-cohort life cycle effects of fertility on women's and couples' labor supply. Multiple births are used as an instrument to control for unobserved heterogeneity. For single women, the causal effect of fertility has declined significantly over time. Couples, however, have become more specialized along traditional lines, with married men tending to increase labor earnings rather than reduce hours worked. as an instrument to control for unobserved heterogeneity. For single women, the causal effect of fertility has declined significantly over time. Couples, however, have become more specialized along traditional lines, with married men tending to increase labor earnings rather than reduce hours worked.
Introduction
Economists have devoted much time and effort to understanding the effects of children on their parents' labor supply decisions. Moreover, though the negative relationship between fertility and female labor supply has long been recognized, efforts to minimize these effects have been the subject of numerous policy initiatives over recent decades. For instance, a major goal of welfare and tax reform in the United States during the 1990s was to reduce low-income mothers' disincentives to work; other reforms, such as the Family and Medical Leave Act of 1993, were targeted toward increasing the compatibility of raising children and work in the formal sector. Understanding how the causal effects of fertility have changed over time, and particularly the 1990s, is vital to assessing the effects of these reforms and pinpointing where future change may be required. This paper uses a twins-based instrumental variables strategy and U.S. Census data from 1980, 1990 and 2000 to identify the causal effects of second and third children on their parents' labor supply. An important characteristic of the strategy is that, since the multiple births in the data occur at different times in the past, the causal effects of such children can be estimated separately by age. This permits holding the age distribution of children identifying the instrumental variables estimates constant over time, which is necessary for the results to be comparable across years. In addition, sums of the age-specific causal effects over a fixed time horizon can be interpreted as synthetic-cohort life cycle effects. These are useful because they measure the total impact of an unexpected birth on household labor supply.
Several studies examining the effects of fertility on parents' labor supply have focused on panel data as a way to correct for endogeneity problems when estimating a causal relationship. Lundberg and Rose (2000) use data from the 1968-1992 Panel Study of Income Dynamics (PSID) files to find the effects of fertility on husbands' and wives' earnings and hours worked; Lundberg and Rose (2002) extend this analysis, examining the effects of additional children on men's labor supply by sex and parity. Therefore, a useful aspect of instrumental variables estimates with U.S. Census data is that they offer a robustness check of the PSID results. Further, since data from 2000 are now available, changes in the causal effects of second and third children from the mid-to late 1990s can be observed. This is an interesting time because of the implementation of numerous policy reforms, many of which were targeted toward changing parents' incentives to work.
A number of instrumental variables studies also estimate the causal effects of fertility on household labor supply. For instance, Bronars and Grogger (1994) use multiple births and U.S. Census data from 1970 and 1980 to identify the effects of second children on women'searnings and labor force participation. In a similar vein, Angrist and Evans (1998) use 1980 and 1990 U.S. Census data and the sex mix of a woman's first two children as an instrument to estimate the effects of a third child on her and her husband's labor supply outcomes. This paper adds to the above results by estimating the effects of second and third children on marital stability, household labor supply, and the degree of husbands' and wives' specialization in market work (for the latter two outcomes, the measures are those introduced by Lundberg and Rose (1999) ). So far, the literature has examined causal links between fertility, marital stability, and women's income (Angrist 2004, Bedard and Deschenes 2005) , but the effects of fertility on couples' joint outcomes remain largely unexplored with instrumental variables methods. Nevertheless, since most children are raised by two parents, the effects of fertility on household income and both parents' labor supply are important and of wide general relevance.
The empirical results show that the largest shifts in behavior in the 1980s and 1990s occur for single women and married men. For single women, the causal effects of fertility decline markedly over time-the synthetic-cohort life cycle effect of a second child over that child's first thirteen years declines from −6, 956 labor hours in 1980 to −2, 522 hours in 2000. This suggests that incentives for single mothers to work have improved considerably over time.
For married men, the change is even more dramatic-though in 1980 a second child causes an average total decline of $24,682 in men's market earnings (in 2005 dollars) , in 2000 the second child causes an increase of $81,528. The implication is that men have become more likely to respond to unexpected births with income rather than time. Therefore, even though husbands' and wives' market wages have become more equal over time (Pencavel 1998) , specialization within married couples in response to fertility has increased.
It should be noted that since these are synthetic-cohort effects, they are best viewed as summaries of age-specific causal effects for a particular year rather than descriptions of the experience of any one birth cohort. In this way they are similar to life expectancy statistics, which summarize a year's age-specific mortality rates. Because of this, and also because they are identified from a fixed age distribution, they are most useful for analyzing how these effects have changed over time.
This paper is organized as follows. The second section discusses the data, instruments, and first-stage relationships. The third section presents results on fertility and female labor supply, and the fourth section extends the analysis to marital stability, couples' joint labor supply and specialization between market and household work. The fifth section concludes.
Data, Instruments and First-Stage Relationships

Data
The empirical work in this paper uses data on fertility, demographic characteristics and labor supply from the one percent and five percent Census Public Use Micro Samples (PUMS) from 1980, 1990 and 2000 . The one percent and five percent data sets for each year are nonoverlapping random samples from the same population. They contain different geographic descriptors but are similar in all other respects. Standard demographic information and labor supply measures are available in each of these years.
To motivate later analysis, Panel A of Table 1 Separating the results by sample allows a brief empirical check of the assertion that they are, in fact, drawn from the same population. Within years, differences in mean demographic and labor supply characteristics are small and no more than would be expected due to ordinary sampling error. Therefore, the data sets can be merged to create a seven percent sample for 1980 and six percent samples for 1990 and 2000. While this is unnecessary for most purposes, since the twin births on which the estimation strategy relies are rare events, it is useful to assemble as much data as possible.
Panel B of Table 1 summarizes characteristics of women ages 21-35 with at least one child ever born. This population is important because instrumental variables estimates are often interpreted as local average treatment effects (Angrist and Imbens 1995) . The multiple births on which the estimation strategy relies are, of course, impossible without a single intended birth in the first place. As a consequence, when indicators for multiple births are used as instruments, they identify the average causal effect of second and higher-parity children for women with at least one child already.
Because the PUMS data sets include only limited information on fertility history, it is necessary to impute the number and timing of a woman's children from data on household composition. The method of doing so is very similar to that employed by Angrist and Evans (1998) . A set of women with imputable birth histories was constructed consisting of all women reported as being either household heads, the spouse of the household head, parents in a parent-child subfamily, or wives in a married-couple subfamily. Relationship codes and subfamily identifiers were then used to match children to mothers within households 6 and subfamilies. In addition, for 1980 and 1990, mothers were deleted from the sample if their reported number of children ever born did not match the number of children present.
1
Women were also deleted if they were less than 16 years older than their first child or if any of the ages or sexes of their children were allocated by the U.S. Census Bureau.
A possible concern is that limiting the analysis to women with imputable birth histories introduces a degree of selection into the sample. To address this issue, Panel C of Table 1 summarizes characteristics of women with at least one child for whom birth histories can be imputed. These women tend to be slightly more educated and less likely to have multiple children than the women in Panel B. A possible explanation is that more educated women fill in the long census forms more accurately (or at least more consistently), making it more likely that viable birth histories can be constructed from their responses. However, though these differences are statistically significant, they are not substantial in economic terms, and differences in other characteristics are negligible. Therefore, the imputation method does not seem to create an appreciable selection problem. Alternatively, the estimation results can be interpreted with the caveat that they represent a population that is slightly more educated than average.
Instruments
The estimation strategy in this paper uses indicators of multiple births as instruments for fertility. Since women are not asked directly whether they have given birth to twins, triplets or other multiple births, these indicators must be imputed from data on children' Table 2 shows the sample means of the instruments for women with imputable birth histories and at least one child in the merged data sets for 1980 , 1990 and 2000 indicates whether a woman has a third child born at the same time as her second. For this instrument, the sample is further limited to women with at least two children. For the 1980 data, the suffix Q indicates that multiple births were imputed based on both quarter and year of birth data; where the instrument names do not have this suffix, they were constructed with year of birth data only.
A potential concern is that, since it is possible for children to be born in the same year and not be twins, constructing the instruments with only year of birth data introduces some degree of measurement error. From an instrumental variables standpoint, however, this measurement error is only problematic when it is correlated with the error term in the second stage (that is, the unobserved propensity to supply labor). Overidentification tests with the 1980 data can be used to determine whether such a correlation exists. The results from these tests are presented later, in section 3.1. For now, it suffices to say that there is no evidence that IV estimates of the effects of fertility on female labor supply have different probability limits depending on whether quarter of birth data are used to create the instruments. Therefore, the correlation is either nonexistent or too small to be detected even in a very large data set. (Martin, Hamilton, Sutton, Ventura, Menacker and Munson 2003) .
At this point, it is worth discussing the causes of the increase in twinning rates and whether these causes might lead to biases in twins-based instrumental variables estimates.
There are three known factors behind this increase. First, women are having children at older ages; since older women are more likely to have twins, this will increase the aggregate twinning rate. Approximately one-third of the increase in the twinning rate can be explained by changes in the maternal age distribution (Martin and Park 1999) . This is not a serious problem because it is simple to include age as a covariate in the model.
A second factor behind the increase in twinning rates is the increased use of fertility drugs and other forms of assisted reproduction technology. This is potentially more problematic because women choose to receive fertility treatments, and women who make this choice may differ systematically from the general population. However, while fertility treatments do increase twinning rates, these effects are overwhelmingly concentrated among women over age 35, who are both more likely to use these treatments and more likely to have twins as a result of the treatments (Martin et al. 2003) . 2 Since the women in the sample are all 35 or younger, the potential for this factor to bias the estimates is slim.
Finally, the third factor, which has been discovered very recently, is the adoption of bovine growth hormone in the early 1990s. This hormone, or bST, is used in the United States to increase cattle yields; it also introduces insulin-like growth factor (IGF) into meat and milk products, which significantly increases the probability of having twins (Steinman 2006 (Angrist and Krueger 1999) . Table 3 displays these characteristics. Although the differences are statistically significant, they are not economically significant and generally as one would expect given the nature of the twinning process. For instance, since the probability of having twins is greater for black women, and increases with age, it is not surprising that the population of women with twins is slightly older and more black than the population in general.
More importantly, however, there is no evidence that this population is becoming more selected over time. For example, since in vitro fertilization techniques are expensive and not covered by Medicaid, one might worry that the socioeconomic status of the average woman 3 Among other interesting facts from Steinman's (2006) article: among vegans, who consume neither meat nor milk products, the twinning rate is only one-fifth that of the general population (vegetarians, who drink milk but do not eat meat, have normal twinning rates). Further, it has been found that when Japanese people move to California-and hence become exposed to the hormone-their twinning rate doubles. 4 In 2000, the Vegetarian Resource Group commissioned a Zogby poll to estimate the number of vegetarians in the population. Out of 968 adults surveyed, 9, or 0.9%, were "true vegans" who would consume neither meat nor dairy products. See https://www.vrg.org/journal/vj2000may/2000maypoll.htm.
5 Strictly speaking, education is not predetermined. However, it is still an important demographic characteristic and unlikely to change much in response to a twin birth.
with twins in 2000 is much higher than in prior years. Yet if that were true, this type of selection should be obvious when looking at years of education, and if anything the years of education variable shows less selection in 2000 than existed in 1980. Therefore, though the twinning rate has increased for women age 35 and younger, the population of women with twins has remained representative, which is consistent with Steinman's (2006) theory that the increase among younger women was caused by broad-based changes in Americans' diet.
First-Stage Relationships
The intuition behind the use of multiple births as a natural experiment is clear and easily grasped. Every year, several million women in the United States give birth. Out of these, biological processes cause a few out of every thousand to be multiples, resulting in two or three children where only one was intended (certainly for the moment, and in some cases indefinitely). While twins are more likely in certain demographic groups-black women and older women, for example-the biological processes themselves are random and not related to a woman's unobserved propensity to supply labor. Hence, the incidence of multiple births can be used as an instrument to estimate the effects of unexpected births on women's labor supply decisions.
In the simplest case, multiple births would be assigned with equal probability among the population of women choosing to have one child in a given year. Then the average effect of multiple births on fertility could be found simply by differencing the average number of children among both groups of women. However, since twinning rates depend on race and age, it is important to control for these characteristics when taking this difference. Therefore, a linear regression is useful for calculating the average effect of multiple births on fertility when these characteristics are held constant. Along these lines, Table 4 reports ordinary least squares estimates of the equation
where C is an indicator equal to one if a woman has at least n children, X is a vector of exogenous covariates and Z is an indicator equal to one if the n − 1th and nth children are part of the same multiple birth set. The numerals in the instrument names denote n.
Specifying C in this way is useful because it emphasizes the fact that the instrument causes fertility to move from n − 1 to n children; it also permits comparing the results to Angrist and Evans's (1998) , who make the same choice for similar reasons. In addition, for each instrument, the sample is restricted to women with at least n − 1 children as in Table 2 .
The covariates in X are age, age squared, years of education, and dummy variables for being black and being married. Table 4 confirms that multiple births have significant, measurable effects on whether an nth child is present in the household. For example, the results for TWINS2Q indicate that only about two thirds of women with a twin second child in 1980 would have had a second child on their own by the date of the survey. For TWINS3Q, the effects of multiple births are more pronounced because even fewer women would have had a third. These effects are also more pronounced for 1990 and 2000 because fertility has been declining generally. This causes the chance that a woman with twins would not have had an additional child by the survey date to increase over time.
When the instruments are constructed with only year of birth data, measurement error subjects estimates of these effects to a slight degree of attenuation bias. This does not affect the final instrumental variables results because estimates of the instruments' effect on labor supply outcomes are attenuated by the same factor, cancelling out the bias when the ratio is taken. This ratio is relevant because, as Angrist, Imbens and Rubin (1996) show, instrumental variables estimates can be written as a ratio of the causal effects of a binary instrument on two outcomes of interest (in this case, fertility and female labor supply). As for the first-stage results, inspection of the estimates for 1980 suggests that the magnitude of the attenuation bias is less than five percent. Additionally, since fewer women have chosen to have additional children over time, the attenuation bias is less for the 1990 and 2000 results because more children born the same year in these data sets are actually twins.
3 Fertility and Female Labor Supply
Two-Stage Least Squares Estimates
As Angrist and Imbens (1995) have shown, two-stage least squares estimates can be interpreted as average per-unit causal effects of a treatment variable on an outcome of interest.
In the case of fertility, the meaning of a "per-unit" increase is clear: instrumental variables estimates calculated using the TWINS instruments identify the causal effects of second or third children on female labor supply. An extensive literature supports the notion that this relationship is negative (for a survey, see Browning (1992) ).
Accordingly, Table 5 reports two-stage least squares estimates of δ, the local average treatment effect of the nth child, in the equation
where Y is a labor supply outcome, X is the vector of covariates, and C is the endogenous fertility indicator, equal to one if a woman has at least n children. The first stage is given by equation (1). As in Table 4 , the sample is limited to women with at least n − 1 children for each choice of C, and the covariates in X are age, age squared, years of education, and dummy variables for being black and being married. For labor outcomes relating to the year prior to the survey, the sample is limited to women with at least n − 1 children in that year.
A distinct observation that can be made from Table 4 is that, without exception, the causal effect of fertility declines markedly with child parity. For example, in 2000, the second child causes an average loss of $3471 in annual labor income (in 2005 dollars), while the third causes an average loss of only $1437. Considering that the average labor income for women with one child in 2000 was $16,890, these effects are substantial. Similarly, the effect of the third child on usual hours worked per week is only about half that of the second child.
Where comparable, the estimates in Table 4 Her estimate of the average causal effect of an additional child on female labor force participation is −12.9 percent. This is quite close to the second-child effect on female labor force participation of −13.8 percent in the 1990 data. 14 The effects of the third child are also in consensus with the literature. For instance, Angrist and Evans (1998) , using 1980 U.S. census data and the TWINS2 instrument, calculate the effect of the third child on employment to be −7.9 percent; the analogous figure in Table   4 is −8.6 percent. Angrist and Evans's (1998) other calculations with the 1980 census data and this instrument are also quite comparable.
Finally, Table 5 also reports, for the 1980 data, overidentification test statistics testing the exogeneity of multiple birth indicators constructed with only year of birth data. For effects relating to the second and third children, exogeneity of the instruments is never rejected at the one percent level and rejected only once at the five percent level. Since there are twelve of these statistics, that one should be significant at the five percent level is not that surprising. Moreover, given the size of the data set, the overidentification test rules out even a very small correlation between the year of birth instruments and the second stage error term. Consequently, the absence of the quarter of birth variable for the 1990 and 2000 data does not seem to pose any particular problem for these estimates.
Age-Specific and Life Cycle Effects
Up to this point, fertility has been characterized as a simple, constant-intensity treatmenteither there is a second or third child in the household or there is not. However, it is more realistic to imagine fertility as a variable-intensity treatment, where the effects on female labor supply are greatest at young ages and diminish as the child gets older. When this is the case, each result in Table 5 can be interpreted as the average causal effect of a second or third child drawn from a particular age distribution.
As Angrist and Imbens (1995) have shown, instrumental variables estimates are weighted causal effects of incremental changes in a variable treatment, where the weight assigned to each incremental change is proportional to the probability that the instrument induces that change. Therefore, the weight of each age identifying the causal effects in Table 5 is proportional to the probability that the instrument induces an nth child of that age.
These probabilities can be estimated by the following method. First, define an agespecific fertility indicator C (a) to be equal to one if there is an nth child of age a in the household and zero otherwise, so that P A C (a) = C. Then the weight of each age identifying the causal effects in Table 5 is proportional to
where Z is the relevant instrument. Expanding expression (3) to include covariates would complicate the notation but not change the intuition. The first-stage estimates in Table 4 result when expression (3) is summed over all child ages in the sample.
Figure 1 graphs these probabilities by year, instrument, and age of the potential second or third child. The instrument TWINS2 is used to calculate the second-child probabilities and TWINS3 is used to calculate the third-child probabilities. In both cases, the sample is limited to women with at least one or two children, respectively.
A noticeable feature of the distributions in Figure 1 is that third children identifying the estimates in Table 5 tend to be drawn from younger age distributions than second children.
This occurs for two reasons. First, because women have second children after first children, twins of a second child are always younger than twins of a first. Second, multiple births 16 sometimes accelerate the births of previously-planned children, in effect replacing a younger child in the household with an older one. Since more women intend to have two children than three, this factor is more pronounced for the TWINS2 instrument than it is for TWINS3.
Moreover, since fewer women have intended to have second and third children over time, this is also why the distributions are younger in 1990 and 2000.
One might wonder whether the trends in Table 5 reflect changes in the age distributions identifying these estimates. This is not the case for child parity-third children have less impact on their mothers' labor supply decisions in spite of being younger and requiring more care. Nevertheless, the fact that the children are drawn from younger age distributions in later years may explain why some of the causal effects have risen over time.
The variable-intensity character of fertility can be explored more fully by estimating the causal effects of second and third children separately by age. The intuition behind doing so is to realize that, since the natural experiment brought about by occurrences of multiple births is ongoing, the PUMS data sets contain snapshots of the outcomes of many such experiments, all initiated at different points in time. Therefore, multiple births will have varying effects on a set of age-specific fertility indicators depending on how long ago the multiple birth occurred. For instance, a twin birth occurring seven years ago induces the presence of a seven-year-old (and possibly has a negative effect on the presence of a younger child). This means that, by interacting the multiple birth indicator with a set of dummy variables for time elapsed since the multiple birth occurred, a separate age-specific causal effect can be estimated for each time dummy variable.
More specifically, age-specific causal effects can be estimated by two-stage least squares on the equation
where C is a vector of endogenous age-specific fertility indicators and the other variables are defined as earlier. The age-specific causal effects are the elements of δ. The first stage consists of k equations of the form
where k is the number of age-specific causal effects to be identified and a = 0, 1, ..., k − 1. Z is a vector created by interacting the multiple birth indicator with a set of k time dummy variables, T 0 , T 1 , ..., T k−1 , where T i is equal to one if the multiple birth occurred i years ago and zero otherwise. Since the number of age-specific causal effects to be estimated is equal to the number of elements in Z, the system is exactly identified.
Figures 2 and 3 show estimates of these causal effects for two labor supply outcomes, labor force participation and usual hours worked last year, over a thirteen-year horizon. For these estimates, the sample is limited to women with an n − 1th birth occurring within the past thirteen years. Analogous graphs for other outcomes are qualitatively very similar, differing only in the scale of the vertical axis.
Thirteen years is chosen as the horizon for a variety of reasons. First, children start junior high school at thirteen and no longer need constant supervision. Perhaps not coincidentally, age thirteen is also when child care expenses cease to qualify for favorable tax treatment.
Finally, prior studies (e.g., Angrist and Evans 1998) have found the effect of fertility on female labor supply to reach zero at this age. Therefore, the interval from age zero to age thirteen seems to be the most sensible for calculating the total effect of an unplanned birth.
Figures 2 and 3 confirm that the effects of fertility on female labor supply are greatest when the child is born and then rapidly decline. For instance, in Figure 2 , a second child under twelve months old in 1990 reduces labor force participation by 25 percent, but for a two-year-old the reduction is only 17 percent. At six, the effect diminishes to 13 percent, and by age twelve it is no longer significantly different from zero. For the third child, the decline is even more rapid- Figure 3 shows that in 2000, a child under one reduces usual hours worked per week by five, but the effect of a six-year-old is only half that; the causal effects cease to be statistically significant at age eight.
Figures 2 and 3 also show that, as in Table 5 , the causal effects of fertility decline sharply with child parity. Interestingly, though third children have less impact than second children at all ages, the divergence becomes more pronounced at age six, or the start of first grade.
This suggests that women realize more economies of scale when raising school-age children than when looking after infants and preschoolers.
The total effect of an unplanned birth over a woman's career can be measured by summing the age-specific effects over the thirteen-year interval. This is the synthetic-cohort life cycle effect of an unplanned birth on female labor supply. Table 6 presents these sums and their standard errors. Since the sums are by year, the weekly hours measures are multiplied by 52 to convert them to annualized measures.
For the time-based measures, the results in Table 6 all point in very similar directions.
In 1980, the second child causes a total decline in female labor supply equivalent, on average, to about two years of full-time work (or 104 weeks or 4,160 hours); the causal effect of thethird child is about half that. Further, both the effects of the second and the third child diminish over time. By 2000, the average causal effect of the second child declines to about 1.7 years of full-time work, and the effect of the third child falls by approximately the same proportion.
The results for wage and salary income highlight the opportunity costs women face when leaving the labor force. The effect of the second child on total market income falls from Comparing wages and hours reduced in each case lends support for this hypothesis. For instance, in 1980, dividing the wage effect by the effect on usual hours per week for the second child yields an average loss of $11.86 per hour of market work. For the third child, the average opportunity cost per lost hour of market work is only $9.61, which suggests that women with an unexpected second child were leaving better jobs than women with an unexpected third child. On the other hand, the opposite is true in 1990: these ratios are $10.41 per hour for the second child and $16.02 for the third.
There is no obvious spike in 2000 as there are in earlier years. There are two possible reasons for this. One is that the peak has simply moved beyond the third child and is no longer visible. The other is that, due to institutional changes in the labor market, the decision to work full-time or raise children is no longer the either-or proposition it once was. For example, the 1993 Family and Medical Leave Act required employers to provide 20 twelve weeks of unpaid maternity leave; this legislation was part of a general movement in the 1990s toward making employment more compatible with family obligations (Waldfogel 1999) .
Finally, it is worth noting that these explanations are not mutually exclusive-the increasing compatibility over time may well explain why more women have continued in full-time jobs even with ever-higher numbers of children at home.
Fertility and Household Labor Supply
Marital Stability and the Labor Supply of Single and Married Women
In addition to direct effects on women's labor supply decisions, unplanned births can also affect female labor supply by inducing changes in household structure. Moreover, these changes often have profound consequences. For instance, if the unexpected birth causes a marriage to dissolve, the newly single mother will make her time allocation decisions under vastly different conditions than if her marriage had remained in place.
The literature has been divided on whether such children tend to induce stable marriages or push them to the breaking point. According to established theory, children should promote marital stability if dissolution of the marriage reduces the utility parents derive from them. On the other hand, unanticipated events, whether positive or negative, tend to be destabilizing when the initial marriage decision is made under uncertainty (Becker, Landes and Michael 1977) .
Panels A and B of Table 7 examine both of these hypotheses. The entries in these panels are two-stage least squares estimates of the average element of λ in the equation
where M is an indicator for being currently married, C is a vector of endogenous age-specific fertility indicators, and X is a vector of covariates (the covariates are age, age squared, years of education, and a dummy variable for being black). As in section 3.2, the first stage is given by equation (5) and age-specific causal effects are estimated until age thirteen. The entries can be interpreted as local average treatment effects of unplanned children on the probability of being married, where the children are drawn from a distribution that weights each age from zero to thirteen equally. Adopting this method permits comparing the estimated effects to one another while holding the age distribution of the children identifying these effects constant.
These results in these panels are generally consistent with others in the literature. For instance, Heaton (1990) , using data on fertility and marital histories from the 1985 June Current Population Survey, finds that children up to the third improve marital stability but are destabilizing after this point. A decline like this is sensible if additional children yield diminishing marginal utility to their parents. In Panels A and B, the effects of later children are also more negative than the effects of earlier children, though the point at which they fall below zero seems to occur at the third child rather than beyond this point. If a marriage does, in fact, dissolve, the environment in which a woman allocates her time fundamentally changes. First, though she may receive some form of child support, in most cases she has substantially less household income than she did earlier (Duncan and Hoffman 1985, Page and Stevens 2004) . This raises the marginal utility of such income and hence the value of an additional hour spent working in the formal sector.
On the other hand, though there is little evidence that marital status per se has a causal effect on earnings (Krashinsky 2004, Bedard and Deschenes 2005) , a loss of family income can reduce a woman's incentive for market work if she becomes eligible for welfare benefits or other means-tested social assistance. Moreover, if her former husband had been assisting with household work, dissolution of the marriage will also raise the marginal value of an hour spent raising children. Whether single women reduce their labor supply by more or less than married women in response to unexpected births depends on which of these factors outweighs the other.
Panels C and D of Table 7 examine this question, reporting life cycle effects of the second child on labor supply outcomes for single and married women. Except for being estimated separately by marital status, these effects are calculated by the same method as those in Table   6 . The effects for the third child are not shown but ultimately lead to similar conclusions.
In 1980 and 1990, single women reduced their labor supply far more than married women did in response to unexpected children, suggesting either that husbands played a valuable role in freeing up their wives' time to work in the formal sector or that single women faced very strong disincentives to doing so. In 2000, married women spent more time out of the laborforce in response to a second child but both groups of women incurred similar reductions in labor income.
A striking characteristic of these results is that while the effects of fertility on married women's labor supply have remained fairly stable over time, the effects for single women have fallen swiftly over the past two decades. Meyer and Rosenbaum (2001) (2003) examines labor earnings and the EITC and arrives at similar conclusions.
The implication of these findings is that, since single mothers have historically faced strong disincentives to work, the potential for later children to destabilize marriages tended to magnify their negative effects on female labor supply. This was especially true in the 1980s and early 1990s, but less so after welfare and tax reforms improved single mothers' incentives to pursue market work. By contrast, the effects of earlier children, which tend to promote marital stability, were mitigated by this mechanism.
Effects on Men's and Couples' Labor Supply
In stable marriages, unexpected births affect the labor supply decisions of not just mothers but fathers as well. Ever since Becker (1981) , a number of theories have been proposed to explain how fertility affects married couples' time allocation decisions. Of these, the most consistent with empirical evidence have been those that model children as a jointly produced public good (e.g., Lam 1988 , Lundberg 1988 .
In this type of model, though additional children have an unambiguously negative effect on female labor supply, the implications for male labor supply are less clear. If the wife allocates more time to home production, the husband may allocate more time to market work so the couple can realize gains from specialization. On the other hand, since the value of time spent raising children increases for both parents, the couple may be better off if he allocates more time to home production instead. Lundberg and Rose (2002) call these effects the specialization effect and the home-intensity effect, respectively.
Panel A of Table 8 examines the response of married men to unexpected second children.
The estimates in this panel are synthetic-cohort life cycle effects calculated by the same method as in Table 5 . In 1980 and 1990, the effects of the second child on employment, labor force participation, hours worked and weeks worked are negative, but much smaller in magnitude than the effects on married women's labor supply in Table 7 . In 2000, the estimates vary in sign but none are statistically significant. Therefore, for the time-based measures, the home-intensity effect outweighs the specialization effect in 1980 and 1990, but neither factor appears to dominate the other in 2000.
Where labor earnings are concerned, the effect of the second child turns from negative to strongly positive over time. By 2000, this effect is highly significant-an unexpected second child causes husbands to earn, on average, $81,528 more over the first thirteen years than they otherwise would have (in 2005 dollars). The specialization effect is more pronounced for labor earnings than it is for the time-based measures because the former measure implicitly puts more weight on the decisions of high-wage men (who are, in turn, more likely to havea comparative advantage in market work). Similar observations are made by Lundberg and Rose (2002) , who, using data from the Panel Study of Income Dynamics (PSID), also find that men's labor earnings rise in response to fertility.
An important difference between these results and Lundberg and Rose's (2002) is that, while Lundberg and Rose find that men increase their hours worked in response to additional children, the results in Table 8 show that men decrease their hours worked, particularly in earlier survey years. However, it should be noted that the instrumental variables estimates identify the effects of unexpected children on men's labor supply. It is quite likely that couples consider their options in the labor market before deciding to have a child; if so, fathers of twins may have fewer options to increase their labor supply than fathers of second children born under more ordinary circumstances. Therefore, it is sensible for the instrumental variables estimates to be more negative than similar panel data estimates.
Since the time allocation decisions of a married couple are made jointly, it is also useful to consider the effects of fertility on the labor supply of the couple as a unit. Lundberg and Rose (1999) propose two measures of a couple's joint labor supply decision: market intensity, which is the husband's and wife's labor supply measures added together; and specialization, which is the difference between the husband's and the wife's labor supply. Panels B and C tabulate life cycle effects of the second child on both of these measures. The methodology is the same as in Panel A, except that the wife's characteristics are included as covariates in addition to the husband's.
Comparing the results in Panel A to the effects on couples' market intensity in Panel B shows that, on average, married women bear far more of the time costs of unexpected second children than their husbands do. In 1980 and 1990, the husband's reduction in laborsupply comprises, on average, less than a fifth of the couple's total response; in 2000, this proportion is even lower. This decline is surprising because, since the comparative advantage of husbands in market work has fallen over time (Gray 1997 , Pencavel 1998 2000. This increase is consistent with Lundberg and Rose's (2002) observation that men from later cohorts tend to increase their labor supply by more in response to second children than men from earlier cohorts. These results suggest that, over the 1980s and 1990s, married men-and especially high-wage married men-have become more likely to respond to unexpected births with income rather than time.
In summary, though the effects of fertility on married women's labor supply have remained relatively stable, husbands' responses have shifted toward specialization in market work. As a result, the traditional division of labor in households with children has been reinforced, despite the fact that husbands and wives increasingly have similar market wages.
However, since husbands have become more likely to increase their labor income in response to unexpected children, the income shock to the household caused by such children has become positive over time.
Conclusion
This paper has estimated the causal effects of second and third children on women's and couples' labor supply in the United States during 1980, 1990 and 2000 . Although the behavior of married women has been relatively stable over time, the effects of fertility on single women's labor supply have declined considerably. Married men have become more likely to respond to additional children by increasing their earnings from market work. Also, while second children tend to promote marital stability, third children tend to destabilize marriages. This reduces the effect of second children on female labor supply but magnifies it for third children.
The results for single women coincide with a number of policy intiatives designed to increase their incentives to work. The evidence in this paper, combined with the weight of past studies of the issue, makes it reasonable to surmise that these policy reforms have had at least some success in doing so. For married women, changes in the effects of fertility were much less dramatic, which may be because many of these policies (e.g., welfare reform and expansion of the Earned Income Tax Credit) were targeted at people with lower incomes.
Finally, the results for couples are striking because, contrary to expectations, specialization in husbands' and wives' roles when raising children has become more pronounced over time. This may be beneficial because they increase their joint labor earnings considerably in the process. Nevertheless, it is not clear why this shift has taken place and further research into its causes is warranted. Child (1980) 3rd Child (1980) 2nd Child (1990) 3rd Child (1990 ) 2nd Child (2000 3rd Child (2000) by Values (2000) 3rd Child (1980) 3rd Child (1990) 3rd Child (2000) on Labor Force Participation Age-Specific Effects of Fertility (2000) 3rd Child (1980) 3rd Child (1990) 3rd Child (2000) on Usual Hours Worked Last Year Age-Specific Effects of Fertility Calculations from the 1990 and 2000 PUMS use sample weights. Calculations from the 1990 and 2000 PUMS use sample weights. 
